Abslracr-In this paper, a fast link simulation method with channel estimation is presented. The conditions of uncorrelated channel paths and large spreading factor are assumed. The
INTRODUCTION
For mobile communications systems using Code Division Multiple Access (CDMA) such as UMTS, computing each part of the communication chain is complex and leads to an important simulation time. A fast simulator with a reduced complexity is vety important to study and design such radiomobile systems. The multipath fading channel model is one of the most crucial parts. Several fading channel models [I] , [21 allow an important computing time gain factor for slow or fast fading. But for intermediate regimes, a more precise model is needed [31. In this paper, a fast link simulation method with channel estimation is presented. It is based on two simplification levels. First, the receiver model is based on perfect spreading which consists in computing only the coded symbols and not the chips. The process at the Rake receiver output is represented by a quadratic form deduced from gains of the independent channel paths. Non-correlated channel paths are assumed. This is verified when paths are spaced by a multiple of the chip duration because pulse shaping filters do not introduce correlation in this case. The second simplification level is brought by the simplified path generator. This channel model is valid even for intermediate regimes. It is achieved through a first order Markov chain based channel path generator followed by an interpolation. Section I describes the receiver model which consists in a first simplification level and section I1 explains how the simplified path generator brings an additional computing time gain. Finally section I11 describes the performance results and the computing time gain factors obtained for UMTS FDD uplink at 12.2 khps for 3GPP and ITU channels with perfect power control and real channel estimation. This Rake receiver model is described'on figure 1 It is now clear that generating the h,'coeficients would allow to simulate the soft output of the Rake receiver for a system that verifies the above conditions:The h, coefficients are complex gaussian distributed but channel convolutional or turbo coding is very sensitive to time properties. Therefore the auto-correlation function of the generated path has to be very similar to the exact one which is R~( T )
[41_ where bo is the variance of the process, Jo is the zeroorder Bessel function of the first kind and fo is the maximum Doppler frequency.
A solution is to generate these complex gaussian coefficients with the usual channel simulation method. This method is known as the Jakes method and consists in generating two gaussian processes corresponding to the in-phase and quadra- 
SECOND SIMPLIFICATION STEP: THE PATH GENERATOR
The path generator is based on the flat fading model introduced in [3]. A first order Markov chain is built from usual simulation samples at a fixed sampling frequency of 2 f~. This frequency satisfies the sampling theorem because the channel is band limited. Figure 3 shows that the autocorrelation functions of the path amplitude generated by the usual way and the one of the path amplitude from this generator are similar. Even if there is a liltle difference on the second peak value, the oscillations of the two curves are simultaneous. On the contrary, the auto-correlation function of the path amplitude generated without interpolation has no oscillation in this case and the samples are very correlated.
Other sampling frequencies lead to the same result, but with a higher order Markov chain. The advantage of 2 f D is tc keep order 1, which is faster to compute than higher orders. Because of the fixed sampling frequency, the generated paths do not correspond yet to the symbol rate of the simulation. The first operation consists in generating the path samples with the usual simulator at a frequencyof 2 f D . In fact, the sampling frequency can be normalized so that it does not even depend on the mobile speed. This makes the channel :path generator very simple to implement. Then, the Markov chain outputs have to be interpolated and the interpolation factor is calculated as explained above. Finally the computation of equation (I) leads to the soft outputs of the Rake receiver.
APPLICATION TO FAST LINK SIMULATION: RESULTS
The results presented in this paper were obtained for UMTS FDD uplink at 12.2 kbps with perfect power control and real channel estimation. The Dedicated Traffic Channel (DTCH) coded Bit Error Rate (BER) and Block Error Rate (BLER) obtained with the usual simulator are compared to the ones given by the fast link simulator described in the previous sections. The computing time gain factor is 160, which is very important. The results for 3GPP channel Case 2 at 3 kmh are presented on figure 5 and the ones for ITU channel Vehicular A at 3 kmlh on figure 6. The definition of these two channels is given in table 1. A good fit, with parallelism and differences of less than 0.3 dB, is observed between the performances obtained with the two simulators for both channels.
The little differences between usual error probabilities and simplified ones come from the small imperfection of the model used at the second simplification level, for example the peak value of the auto-correlation function first oscillation. The correction code used is a 1/3 convolutional code. The parallelism between the usual performance curve and the simplified one is an important result because the performance of this code is very good and very sensitive to the correlation between samples. The Rake receiver model described in this paper corresponds to the conditions of uncorrelated paths, large spreading factor and real channel estimation. The channel path coefficient generator used by ,the fast simulator is based on a first o<der,Markov chain model. The fixed sampling frequency of 2 fD' followed by an interpolation keeps the model valid for intermediate regimes with the Markov chain order limited to one. It also makes the simulator implementation easier because the Markov chain training is done only once for all simulation parameters.
The high computing time gain obtained with this fast simulator allows to evaluate the performance of a mobile communications s'ystem .with real channel estimation for a large number of different.parameters and services, much more rapidly than with the traditional simulator. This opens a wide range of perspectives for the simulation method presented in this paper. Future work will introduce real power control, trying to keep a large computing time gain factor. 
